T he advent of highly active antiretroviral therapy (HAART) has significantly improved the survival rate of persons with HIV in the United States (1-4) and led to a shift in the natural spectrum of HIV disease. Incidence of AIDS-defining infections and cancer has decreased (4 -8), whereas the incidence of many chronic conditions, such as lipodystrophy, the metabolic syndrome, osteopenia, and cardiovascular disease, has increased (9 -13). The incidence of several types of non-AIDS-defining cancer has also increased (14 -43) . However, data from U.S. studies are frequently limited to persons with AIDS or small, demographically limited cohorts. In addition, few reports of cancer incidence have included persons at all stages of HIV infection or trends in cancer incidence after the introduction of HAART (30 -34, 38) .
To describe cancer diagnoses in persons at all stages of HIV infection, we analyzed data from 2 large prospective cohort studies in the United States: the Adult and Adolescent Spectrum of HIV Disease (ASD) Project and the HIV Outpatient Study (HOPS). We compared incidence rates of cancer among these persons with incidence rates in the general population, derived from the Surveillance, Epidemiology, and End Results (SEER) program of the National Cancer Institute (44, 45) for 1992 to 2003. In addition, we determined incidence trends for selected types of cancer among persons at all stages of HIV infection and in the general population for 3 periods defined on the basis of HAART availability: 1992 to 1995 (pre-HAART), 1996 to 1999 (early HAART), and 2000 to 2003 (recent HAART). Finally, we examined the risk factors that could lead to increased rates of selected cancer types among HIV-infected persons.
METHODS

Adult and Adolescent Spectrum of HIV Disease Project
The ASD Project was a multicenter, prospective, observational surveillance project established by the Centers for Disease Control and Prevention (CDC) in 1990 in collaboration with local health departments, including af-filiated health care centers in 11 geographical areas (Atlanta, Georgia; Los Angeles, California; Dallas, Houston, and San Antonio, Texas; Denver, Colorado; Detroit, Michigan; New Orleans, Louisiana; New York City, New York; Seattle, Washington; and Bayamón, Puerto Rico). Detailed methods for the ASD Project are described elsewhere (46) . Participating medical facilities identified HIVinfected patients age 13 years or older. The investigators conducted an initial medical record review for the 12 months preceding enrollment to document sociodemographic characteristics; HIV risk factors; occurrence of AIDS-defining opportunistic illnesses according to the 1993 revised AIDS surveillance definition from the CDC (47); other illnesses, including cancer; medication use; CD4 lymphocyte counts and other relevant laboratory test results; and hospitalizations or other uses of the medical care system. Thereafter, investigators conducted follow-up medical record reviews every 6 months to collect matching interval data. The ASD Project collected detailed information about cancer diagnoses, including anatomical site; morphology; and International Classification of Diseases, Ninth Revision, codes. The investigators enrolled more than 60 000 HIV-infected persons and collected more than 180 000 person-years of observation.
HIV Outpatient Study
The HOPS is an ongoing, multicenter, prospective, observational cohort study that has continuously recruited and followed HIV-infected patients age 18 years or older since 1992 at 9 HIV specialty clinics in 8 U.S. cities (Oakland and San Leandro, California; Denver, Colorado; Tampa, Florida; Chicago, Illinois; Stonybrook, New York; Philadelphia, Pennsylvania; and Washington, DC). Detailed methods for HOPS are described elsewhere (1, 48) . Data from physician-patient interactions are electronically collected at the time of clinical encounter and then submitted for central processing and analysis. Data collected include sociodemographic characteristics, HIV risk factors, symptoms, all diagnoses (both definitive and presumptive), medications prescribed, CD4 lymphocyte counts, and all other laboratory test results. Cases of cancer are defined by using clinical information about new cancer diagnoses. The HOPS investigators have enrolled over 8500 HIVinfected persons and collected more than 32 000 personyears of observation with more than 280 000 visits.
Surveillance, Epidemiology, and End Results Program
The SEER program is an ongoing active and passive cancer surveillance system that collects incidence and survival data from 13 geographically defined, populationbased central cancer registries in the United States (Oakland, San Francisco, San Jose, and Los Angeles, California; Seattle, Washington; Detroit, Michigan; Atlanta, Georgia; rural Georgia; Connecticut; Iowa; New Mexico; Utah; Alaska; and Hawaii) (45). Geographical areas are selected for inclusion in the SEER program on the basis of ability to operate and maintain a high-quality, population-based cancer reporting system and presence of epidemiologically significant population subgroups. The SEER program includes HIV-infected persons who probably represent fewer than 1% of the total population. We excluded SEER data from Alaska, Hawaii, and rural Georgia from this analysis to best match SEER registries to the ASD Project and HOPS areas. The SEER program defines cancer cases by using anatomical site and histology codes.
Cancer Definition
For this study, we analyzed data on cases of cancer diagnosed from 1992 to 2003. To accurately calculate incidence, we excluded persons in whom cancer was diagnosed within the year before enrollment (prevalent cases), as well as participant observation time after cancer diagnosis. However, we included cases of cancer occurring after cancer of a different type and corresponding participant observation times. Definitions of cancer categories for all cancer types observed in this analysis were established on the basis of the anatomical site of primary significance and International Classification of Diseases, Ninth Revision, codes (Appendix Table 1 , available at www.annals.org). We calculated incidence rates for types of cancer that occurred at least 5 times in the combined ASD Project and HOPS population during the study period (Appendix Table 2, available at www.annals.org). Preliminary examination of the combined ASD Project and HOPS data indicated that the 3 AIDS-defining cancer types and 9 non-AIDS-defining cancer types occurred most frequently (Ͼ25 incident cases); we included these types in the trend and multivariable risk factor analyses. We had sufficient power (Ն80%) to detect 1.5-fold differences in incidence over time for 6 of the cancer types examined: colorectal, Hodgkin lymphoma, lung, cervical, Kaposi sarcoma, and non-Hodgkin lymphoma. We excluded recurrences, metastases, and cases of in situ cancer from the analysis.
Statistical Analysis
We calculated incidence rates for persons 15 to 84 years of age as the collective number of newly diagnosed cancer cases annually for the overall analysis period (1992 to 2003) and the pre-HAART (1992 to 1995), early HAART (1996 to 1999), and recent HAART (2000 to 2003) subperiods to account for the transition to and stabilization of HAART use. Incidence rates were expressed per 100 000 prospective person-years of observation during these same periods. Person-years varied slightly for each cancer type due to the exclusion of prevalent cases. We computed person-years at risk for cancer after HIV diagnosis from date of enrollment. Termination was the date of cancer diagnosis, last follow-up visit, or death. We examined incidence rates in the ASD Project and HOPS separately and found them to be similar (Appendix Table 2 , available at www.annals.org). Because cancer incidence estimated from the ASD Project and HOPS databases were not statistically different, we combined their data to measure cancer incidence among the HIV-infected population captured by both of these studies. In addition, because the ASD Project and HOPS samples are demographically different, the combined ASD Project and HOPS database is more representative of the HIV-infected population than either study alone. We determined cancer incidence rates for the general population by using data from SEER; the SEER rates were directly standardized according to the distribution of 14 age groups, 3 race groups, and sex of the ASD Project and HOPS population. We derived 95% CIs by assuming that the number of cancer cases in each standardization group followed a Poisson distribution (49) . To compare the incidence of cancer in the HIV-infected population with that in the general population, we calculated standardized rate ratios for the entire observation period (1992 to 2003) because annual data were too sparse (50, 51) .
To evaluate trends over time in incidence of specific types of cancer in the HIV-infected population, we used multivariable Poisson regression in a model controlling for age (15 to 34 years, 35 to 59 years, Ն60 years), race (white, black, other), sex, HIV risk group (men who have sex with men vs. other), nadir CD4 count (Ͻ0.200 ϫ 10 9 cells/L, 0.200 to 0.499 ϫ 10 9 cells/L, Ն0.500 cells/L), and antiretroviral therapy (any vs. none). The linear trend denotes the estimated average change in incidence rate from pre-HAART to early HAART and from early to recent HAART. To evaluate trends over time in the incidence of a specific type of cancer in the SEER population, we used a weighted multivariable Poisson regression to assess linear trends in a model weighted according to the age, race, and sex distribution of the combined ASD Project and HOPS population. To determine whether cancer incidence in the HIV-infected population changed over time relative to the general population, we included a 2-way interaction term between trend and study sample in the multivariable model. To describe factors associated with each type of cancer among HIV-infected persons, we used multivariable Poisson regression, including the covariates as already defined for linear trend, age, race, sex, HIV risk group, nadir CD4 count, antiretroviral use, and hepatitis B or C infection (liver cancer only). We chose these covariates because they had a known association with cancer or were markers of immune function, and we adjusted for them simultaneously.
Ethical Review
Both the ASD Project and HOPS have been reviewed annually since their inception by the CDC and each participating site's institutional review board. The ASD Project was granted a waiver of informed consent by the relevant institutional review boards; informed consent was obtained and renewed annually for HOPS. The institutional review board of the National Cancer Institute reviewed SEER and granted the program a waiver of informed consent.
Role of the Funding Source
The CDC supported data collection through cooperative agreements with local health departments (ASD Project) and a contract with the Cerner Corporation (HOPS). The funding source had no role in the design, analysis, or interpretation of the data or in the approval of the manuscript. The median follow-up time was 2.0 years in the ASD Project and 2.6 years in HOPS. Of the 3550 incidents of cancer identified in the combined ASD Project and HOPS data for this analysis, 2842 (80%) were categorized as AIDS-defining and 708 (20%) as non-AIDS-defining. Of the 27 types of cancer observed, 5 non-AIDS-defining types of cancer occurred seldom or never: penile (4 cases), uterine (2 cases), ovarian (2 cases), gallbladder (0 cases), and biliary (0 cases). Table 1 shows the age, sex, and race distributions of the combined ASD Project and HOPS and SEER populations. The populations differed in age, race, and sex distributions; HIV-infected persons were more likely to be male (76%) and nonwhite (61%). The age distribution of the combined ASD Project and HOPS population was clustered among young adults (range, 25 to 50 years), whereas the age distribution of the SEER population was more evenly distributed. Distribution of observation time was evenly divided among the 3 periods for both populations ( Table 1) .
RESULTS
From
Cancer Incidence in the HIV-Infected Population Compared with the General Population
The incidence of several non-AIDS-defining types of cancer was significantly higher in the HIV-infected popu- Table 2 and Appendix Figures 1 and 2 , available at www .annals.org). We found no significant difference between the 2 populations in the rates of other types of cancer we examined.
Incidence Rates among HIV-Infected Persons
The analysis of trends over time in cancer rates for the HIV-infected population indicated that incidence rates decreased significantly for Kaposi sarcoma and non-Hodgkin lymphoma and increased significantly across the 3 periods for anal, prostate, and colorectal cancer; melanoma; and Hodgkin lymphoma ( Table 2; Appendix Tables 3 and 4 and Appendix Figure 3 , available at www.annals.org). We observed no change in the rates of cervical cancer and several non-AIDS-defining types of cancer (liver, lung, oropharyngeal, and breast cancer).
Incidence Rates among the General Population
Among the general population, standardized incidence rates for Kaposi sarcoma, non-Hodgkin lymphoma, cervical cancer, lung cancer, and oropharyngeal cancer decreased significantly across the 3 periods ( Table 2) . Incidence rates for anal, colorectal, liver, and prostate cancer increased significantly across the 3 periods, and incidence rates for Hodgkin lymphoma, melanoma, and breast cancer remained unchanged.
Relative Incidence Rates in the HIV-Infected and General Populations
The relative incidence of Kaposi sarcoma and nonHodgkin lymphoma among our HIV-infected study population decreased over time compared with the general population ( Table 3; Appendix Table 5 and Appendix Figure 4 , available at www.annals.org). Conversely, the higher overall relative incidence of anal cancer in the HIVinfected population increased over time, with the adjusted rate ratio almost doubling during the analytic period.
Risk Factors for Cancer
Acquisition of HIV through male-male sex was associated with increased risk for Kaposi sarcoma (relative risk, 2.88; P Ͻ 0.001) and non-Hodgkin lymphoma (1.53; P Ͻ 0.001). Antiretroviral therapy was independently associated with decreased risk for Kaposi sarcoma (relative risk, 0.61; P Ͻ 0.001), non-Hodgkin lymphoma (0.68; P Ͻ 0.001), cervical cancer (0.48; P ϭ 0.019), breast cancer (0.35; P ϭ 0.013), colorectal cancer (0.50; P ϭ 0.027), and lung cancer (0.52; P Ͻ 0.003). A low nadir CD4 count was associated with increased risk for Kaposi sarcoma (relative risk, 8.34; P Ͻ 0.001), non-Hodgkin lymphoma (6.03; P Ͻ 0.001), cervical cancer (3.70; P ϭ 0.010), anal cancer (5.82; P ϭ 0.017), colorectal cancer (6.27; P ϭ 0.013), and lung cancer (2.42; P ϭ 0.017). Co-infection with hepatitis B or C was associated with increased risk for liver cancer (relative risk, 3.63; P Ͻ 0.001). 
DISCUSSION
In the largest analyses of cancer incidence trends among HIV-infected persons in the United States, we observed significantly higher rates of several types of cancer from 1992 to 2003 among HIV-infected persons than in the general population. Non-AIDS-defining types of cancer with higher incidence rates were anal, colorectal, liver, lung, oropharyngeal, renal, and vaginal cancer; Hodgkin lymphoma; leukemia; and melanoma. These findings are consistent with previous reports of cancer incidence among persons with HIV or AIDS ( Table 4) . We extend these previous findings by examining cancer incidence trends over time among persons with all stages of HIV infection, showing that incidence rates increased significantly for melanoma; Hodgkin lymphoma; and colorectal, anal, and prostate cancer-despite the advent of HAART. Immune dysfunction (52) ; concomitant infection with oncogenic viruses (53) (54) (55) ; and lifestyle factors, such as smoking, may account for the higher cancer incidence among HIVinfected persons.
Immunosuppression may accelerate the progression of melanoma and other types of cancer in individuals who are already predisposed to them, as described in studies of transplant recipients (56 -62) . In our study, a low nadir CD4 cell count was associated with significantly increased risk for colorectal cancer, whereas use of antiretroviral therapy significantly decreased risk, suggesting that pathogenesis of colorectal cancer may be immune-mediated; this finding is consistent with previous reports (63). However, incidence rates for melanoma and colorectal cancer increased significantly across the 3 periods, suggesting a role of other contributing factors (such as behavioral or lifestyle factors).
Although survival in Hodgkin lymphoma has improved, rates of Hodgkin lymphoma have increased in the HAART era (64) 
Anal cancer is the only type that increased in both incidence among HIV-infected persons and relative incidence compared with the general population over time. Although this finding is concerning, it is not surprising. The predominance of men who have sex with men among the HIV-infected population and the resultant higher prevalence of anal human papillomavirus (HPV) infection are associated with anal intraepithelial neoplasia (66, 67). The interaction between HIV and HPV allows for persistence of HPV infection in HIV-infected persons, who are more commonly infected with the oncogenic HPV subtypes 16 and 18, leading to development of dysplasia (14, 68, 69) . Because HAART does not alter the incidence or progression of anal intraepithelial neoplasia (20, 70) , persons who are successfully treated with HAART but are co-infected with HIV and HPV are expected to remain at greater risk for anal cancer over time and incidence rates are expected to increase as HIV-infected persons live longer. We found a lower rate of prostate cancer among HIVinfected persons than in the general population, in contrast to smaller published reports (19, 40) . However, our results were consistent with those from an AIDS-cancer registry match (32) in which the investigators attributed the lower (44), whereas case ascertainment in the ASD Project and HOPS is undoubtedly lower (75% to 85%, as determined by an ASD Projectlocal cancer registry match in select project areas). In addition, the completeness of cancer ascertainment has not been formally evaluated in the ASD Project or HOPS. Because the HIV incidence rate is in the numerator, the potential bias would be to underestimate the standardized rate ratio-suggesting that standardized rate ratios showing increased incidence are minimum estimates of the rate disparity. Standardized rate ratios may be further underestimated by double-counting of cases in areas where SEER registries overlap with the ASD Project or HOPS sites, because SEER does not collect data on HIV status. Second, although the ASD Project and HOPS have large cohorts, they are not representative of all persons with HIV infection in the United States, and SEER is not representative of the general U.S. population; our findings may therefore have limited generalizability. The SEER program covers 14% of the U.S. population, has a higher proportion of foreign-born persons, and tends to be more urban than the general population (44) . In a comparison of SEER data with data from the National Program of Cancer Registries, the incidence rates of head or neck cancer, anal cancer, and Hodgkin disease were similar; however, the rate of lung cancer was slightly underestimated and the rates of melanoma and liver cancer were slightly overestimated (72) . The ASD Project and HOPS also represent different geographical areas from SEER. Third, we had inadequate information on smoking behavior; because the prevalence of smoking varies among specific groups in the United States (for example, by sex, race, or HIV risk), some characteristics associated with cancer in our analyses may have been surrogates for smoking status. Finally, we could not account for changes in screening practices over time.
In conclusion, our findings indicate that HIV-infected persons are at higher risk than the general population for many non-AIDS-defining types of cancer. In addition to encouraging tobacco cessation, HIV care providers should be aware of these elevated risks and screen for preventable diseases, such as cervical and colorectal cancer (73-75). Screening programs for early detection and treatment of precancerous anal lesions should be evaluated and will probably become more important as the HIV-infected population ages and lives longer. Furthermore, primary prevention strategies to reduce HPV infection and HPVassociated diseases, such as vaccination and circumcision, warrant further evaluation.
From the Centers for Disease Control and Prevention, Emory University, and Northrop Grumman Information Technology, Atlanta, Georgia, and the University of Illinois at Chicago, Chicago, Illinois. The ASD Project, HOPS, and SEER program are all public-use data sets and are available to readers. However, confidentiality protections that govern the ASD Project and HOPS data require authors to strip record identifiers; it will therefore take some time to make these data available. In addition, CDC's heightened security procedures require persons who want to analyze ASD Project and HOPS data to 1) prepare a written proposal for CDC review and approval, 2) sign confidentiality and data use agreements, 3) conduct analyses in Atlanta, and 4) go through CDC security clearance for access to facilities. The authors would be happy to facilitate these procedures for persons interested in conducting analyses using ASD Project and HOPS data and welcome these requests.
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